Abstract. In this study, we performed immunohistochemistry of cholesterol side-chain cleavage cytochrome P450 (P450scc), 3β-hydroxysteroid dehydrogenase (3βHSD), cytochrome 17α-hydroxylase P450 (P450c17), and cytochrome P450 aromatase (P450arom) in the corpus luteum and placenta of Shiba goats. The aim was to clarify the steroidogenic capability of the corpus luteum and placenta of Shiba goats. Ovaries containing corpora lutea were obtained from four adult Shiba goats during the luteal phase (day10; n=2) and pregnancy (90 and 120 days of gestation). Placenta was obtained from one Shiba goat on day 120 of gestation. The sections of the ovaries and placentae were immunostained using the avidin-biotin-peroxidase complex method (ABC) with polyclonal antibodies generated against steroidogenic enzymes of mammalian origin. All luteal cells expressed P450scc, 3βHSD, P450c17 and P450arom. The distribution of P450scc, 3βHSD, P450c17 and P450arom were not different during the luteal phase and pregnancy. P450arom showed a weak positive staining in late pregnancy (120 days). In addition, immunoreactions for P450c17 and P450arom were observed in syncytiotrophoblast of the placenta of one Shiba goat. These results indicate that, in Shiba goats, corpus luteum is not only an important source of progesterone but also has the ability to synthesize androgen and estrogen during the luteal phase and pregnancy. Also the placenta has the ability to synthesize androgen and estrogen in late pregnancy. Key words: Corpus luteum, Placenta, Immunocytochemistry, Steroidogenic enzymes, Shiba goats (J. Reprod. Dev. 51: [247][248][249][250][251][252] 2005) ynthesis of steroid hormones is a complex process, involving the activity of several enzymes. Locally produced gonadal steroid hormones may have important roles in the continual process of recruitment and development of follicles, and formation of the corpus luteum [1].
steroidogenesis in the ovary. The precise location of these steroidogenic enzymes inside the ovary has b e e n s t u d i e d i n r e c e n t y e a r s . Immunohistochemical observations of these enzymes have been reported in the corpus luteum of numerous species, including humans [1] , bears, [3, 4] , horses [5] [6] [7] , dogs [8] , pigs [9] , seals and sea lions [10] , sheep and cows [11] .
The Shiba goat (Japanese miniature goat) is a non-seasonal breeder under natural daylight and it s i n b r e d s t r a i n h a s b e e n e s t a b l i s h e d f o r experimental use [12] . The age of puberty in female Shiba goats is about 7 months [13] . Estrus of female Shiba goats lasts for about 22 hours, and is followed by a gestation period of about 5 months, if fertilization is successful [12, 14] . Although many observations about reproduction in Shiba goats have been reported [12, [14] [15] [16] [17] [18] , there are still many gaps in the understanding of the mechanisms of reproduction, especially the distribution or localization of steroidogenic enzymes in corpus luteum and placenta during pregnancy. The object ive of this st ud y w as t o inves tig at e immunolocalization of steroidogenic enzymes in the corpus luteum and placenta of the Shiba goats, a n d t o d e t e r m i n e w h e t h e r t h e s i t e s o f steroidogenesis change between the luteal phase and pregnancy.
Materials and Methods

Animals
Four adult female Shiba goats maintained at Tokyo University of Agriculture and Technology were used in this study. The ovaries and placentae were excised immediately after the animals were sacrificed using a ketamine overdose. The day of estrus (ovulation) was designated as day 0 of luteal phase and the day of mating was designated as day 0 of pregnancy. Ovaries were collected during the luteal phase (10 days; n=2) and pregnancy (90 days and 120 days of gestation). Placenta was obtained from one animal on day 120 of gestation. The ovaries and placenta obtained were immediately fixed in 4% paraformaldehyde (Sigma Chemical Co., St. Louis, MO, USA) in 0.05 M PBS, pH 7.4 for immunohistochemical observation. All procedures were carried out in accordance with the guidelines established by Tokyo University of Agriculture and Technology.
Tissue fixation preparation
T h e o v a r i e s a n d p l a c e n t a t i s s u e s w e r e dehydrated in a graded series of ethanol and embedded in par affin wax. The paraffinembedded tissues were serially sectioned at 4 µm thickness and mounted on poly-L-lysine coated glass slides with (Sigma Diagnostics. INC., St. Louis, MO, USA).
Immunohistochemistry
Adjacent sections of corpus luteum and placenta were incubated with 10% normal goat serum to reduce background staining caused by the second antibody. The sections were then incubated with primary antibodies (1:500 or 1:1000) raised against bovine adrenal cholesterol side-chain cleavage cytochrome P450 (P450scc) [19] , human placental 3β-hydroxysteroid dehydrogenase (3βHSD) [20] , porcine testicular 17α-hydroxylase cytochrome P450 (P450c17) [21] , and human placental aromatase cytochrome P450 (P450arom) [22] for 12 hr at room temperature. The sections were then incubated with a second antibody, goat anti-rabbit lgG conjugated with biotin and peroxidase with avidin, using a rabbit ExtrAvidin TM staining kit (Sigma, St. Louis, MO, U.S.A), followed by colouring with 30 mg 3,3-diaminobenzidine (Wako, Tokyo, Japan) solution in 150 ml of 0.05 mol TrisHCl l -1 buffer, pH 7.6, plus 30 µl H 2 O 2 . Finally, the reacted sections were counterstained with haematoxylin solution (Merck, Tokyo, Japan). The control sections were treated with normal rabbit serum (Sigma, St. Louis, MO, U.S.A) instead of the primary antisera.
Results
Immunohistochemistry
Immunoreactivities for P450scc, 3βHSD, P450c17 and P450arom were present in all luteal cells during the luteal phase and pregnancy ( Fig. 1 a-h ). The distributions of P450scc, 3βHSD, P450c17 and P450arom were not different, and the intensities of the immunohistochemical signals for P450scc, 3βHSD and P450c17 did not appear to differ b et w e en t h e l u t e a l p h a s e a n d p r e g n a n cy . P450arom showed a weak positive staining in late pregnancy (Fig. 1 h) . P450scc and 3βHSD were not immunolocalized in the placenta of pregnancy (120 days) (Fig. 1 i,j) , however, immunostaining for (a-d), late pregnancy (120 days) (e-h) and placenta of late pregnancy (120 days) (i-l) in Shiba goats. Immunostaining for cholesterol side-chain cleavage cytochrome P450 (P450scc), 3β-hydroxysteroid dehydrogenase (3βHSD), cytochrome 17α-hydroxylase P450 (P450c17), and cytochrome P450 aromatase (P450arom) was observed in all luteal cells of the luteal phase (10 days) (a-d) and pregnancy (120 days) (e-h). Immunostaining for P450c17 and P450arom were present in syncytiotrophoblast of the placenta in late pregnancy (120 days) (k, l). Immunostaining for P450scc and 3βHSD was not observed in the placenta of late pregnancy (120 days) (i, j). All micrographs were taken at the same magnification and the scale bar represents 40 µm.
P 4 5 0 c 1 7 a n d P 4 5 0 a r o m w a s p r e s e n t i n syncytiotrophoblast of the placenta in late p r e g n a n c y ( 1 2 0 d a y s ) ( F i g . 1 k , l ) . N o immunostaining was detected in control sections in which normal rabbit serum was used instead of the primary antibody (data not shown).
Discussion
This study demonstrated the presence of P450scc, 3βHSD, P450c17 and P450arom enzymes in all luteal cells of Shiba goats during the luteal phase and pregnancy. These results suggest that Shiba goat corpus luteum can synthesize not only progesterone but also androgen and estrogen. In addition, immunostaining for P450c17 and P 4 5 0 a r o m w a s a l s o o b s e r v e d i n syncytiotrophoblast of the placenta, showing that the placenta has the ability to synthesize androgen and estrogen in late pregnancy.
Our results concerning tissue specificity in Shiba goats indicate that P450scc and 3βHSD were expressed in corpus luteum during the luteal phase a n d p r eg n a n c y . 3 β H S D c o n v e r t s p r e g n e n o l o n e t o p r o g e s t e r o n e v i a t h e ∆ 4 steroidogenic pathway. Hence, our data suggest that Shiba goats' corpus luteum synthesize progesterone from cholesterol using these P450scc and 3βHSD during the luteal phase and pregnancy. In a previous study [24] , administration of 3βHSD inhibitor during pregnancy in goats resulted in a reduction in the peripheral concentrations of progesterone and premature delivery in all treated animals.
Progesterone plays a central role in the establishment and maintenance of pregnancy. In some species, the corpus luteum is the most important source of progesterone during the entire gestation period [3, 4, 8, 10] . In this study, immunohistochemical distributions of P450scc and 3βHSD were observed in all luteal cells collected during pregnancy in Shiba goats. In other species such as humans [1] , bears [3, 4] , horses [5] , dogs [8] , ribbon seals and Steller sea lions [10] , similar observations, that P450scc and 3βHSD were present in all luteal cells during pregnancy, have been r e p o r t e d .
I n t h i s s t u d y , t h e immunohistochemistical results showed no difference in the distributions of P450scc and 3βHSD among all luteal cells during the luteal phase and pregnancy, suggesting that pregnancy does not affect the distribution of P450scc and 3βHSD expression within the corpus luteum. These results are in agreement with studies in horses reported, that mixed populations of each luteal cell type produced progesterone at the same rate [5] and steady-state amounts of luteal mRNA encoding 3βHSD were present throughout all the reproductive stages [2, 25] . P450c17 and P450arom convert progesterone to androgen, and androgen to estrogen, respectively. In the present study, immunohistochemical localization of P450c17 and P450arom were observed in all luteal cells, and the distributions of P450c17 and P450arom were not different during the luteal phase and pregnancy, suggesting that all luteal cells of Shiba goats possess the enzymes necessary for androgen and estrogen production, and that androgen and estrogen are essential for the m a i n t e n a n c e o f p r e g n a n c y . O u r immunohistochemical results show that the cellspecific patterns of P450c17 and P450arom expression did not change during the luteal phase and pregnancy, suggesting that the luteal parenchyma is derived from granulosa cells. The results supported the postulate that once luteinization occurs, the population of cells involved in androgen and estrogen production does not change within the corpus luteum [5] .
In some species, such as the horse and sheep, the placenta later becomes the principal source of progesterone for pregnancy maintenance [26] , but i n g o a t s , t h e o v a r y i s t h e m a i n s o u r c e o f progesterone during pregnancy [27] . Our present data indicate that 3βHSD was not present in the placenta of pregnancy, suggesting that the Shiba goat placenta can not synthesize progesterone. However, such an interpretation should be made with caution, since it has recently been shown that although the placenta of goats does produce some progesterone, it is insufficient to maintain pregnancy after ovariectomy [28] . Future studies will be necessary to elucidate whether 3βHSD mRNA is expressed in the placenta of Shiba goats and what the function of progesterone in the placenta is.
Ryan [29] found that estrogen is synthesized in the placenta of mammals (humans, monkeys, cows, horses, sheep and goats) that have a long period of gestation. In this study, P450c17 and P450arom were present in the syncytiotrophoblast of the placenta in pregnancy (120 days), showing that the Shiba goat placenta has the ability to synthesize androgen and estrogen in late pregnancy. This enzyme, P450c17, has been found in many different places, such as the fetal adrenal gland, maternal adrenal gland, fetal sex glands and corpus luteum during pregnancy, in a variety of animal species [8] . In the present study immunostaining for P450c17 was observed in syncytiotrophoblast of the placenta. Taken together, these results suggest that, androgen, as the essential precursor of synthesis of estrogen in the placenta, has various sources, and plays a role in pregnancy maintenance and fetal development.
In conclusion, the results of the present study demonstrate that in Shiba goats corpus luteum is a principal source of progesterone which plays an important role in the maintenance of pregnancy and fetal development during pregnancy; corpus luteum has the ability to synthesize androgen and estrogen during the luteal phase and pregnancy; and placenta as a functional organ, may synthesize androgen and estrogen in late pregnancy.
